Abstract: Tongue squamous cell carcinoma (TSCC) is the most common malignancy in oral and maxillofacial tumors with highly metastatic characteristics. Plumbagin (5-hydroxy-2-methyl-1, 4-naphthoquinone; PLB), a natural naphthoquinone derived from the roots of Plumbaginaceae plants, exhibits various bioactivities, including anticancer effects. However, the potential molecular targets and underlying mechanisms of PLB in the treatment of TSCC remain elusive. This study employed stable isotope labeling by amino acids in cell culture (SILAC)-based quantitative proteomic approach to investigate the molecular interactome of PLB in human TSCC cell line SCC25 and elucidate the molecular mechanisms. The proteomic data indicated that PLB inhibited cell proliferation, activated death receptor-mediated apoptotic pathway, remodeled epithelial adherens junctions pathway, and manipulated nuclear factor erythroid 2-related factor 2 (Nrf2)-mediated oxidative stress response signaling pathway in SCC25 cells with the involvement of a number of key functional proteins. Furthermore, we verified these protein targets using Western blotting assay. The verification results showed that PLB markedly induced cell cycle arrest at G 2 /M phase and extrinsic apoptosis, and inhibited epithelial to mesenchymal transition (EMT) and stemness in SCC25 cells. Of note, N-acetyl-l-cysteine (NAC) and l-glutathione (GSH) abolished the effects of PLB on cell cycle arrest, apoptosis induction, EMT inhibition, and stemness attenuation in SCC25 cells. Importantly, PLB suppressed the translocation of Nrf2 from cytosol to nucleus, resulting in an inhibition in the expression of downstream targets. Taken together, these results suggest that PLB may act as a promising anticancer compound via inhibiting Nrf2-mediated oxidative stress signaling pathway in SCC25 cells. This study provides a clue to fully identify the molecular targets and decipher the underlying mechanisms of PLB in the treatment of TSCC.
Introduction
Tongue squamous cell carcinoma (TSCC) is the most prevalent type of oral and maxillofacial tumor, with an estimated 14,320 new cases and 2,190 deaths in the US in 2015. 1 The most important etiological factors are tobacco, excessive consumption of alcohol, and betel quid usage, which act separately or synergistically. 2 It has been reported that TSCC is more commonly found in males, with a percentage of 72.0%regional lymph nodes. For this reason, TSCC always demonstrates a much more aggressive behavior than other kinds of oral and maxillofacial tumors. 4 Although there has been advancement in the sequential therapies, including radiation, surgery, and chemotherapy, the patients still suffer from serious relapse and the 5-year survival rate shows no inspiring progress. 5 It requires the development of novel therapeutics with improved therapeutic effect and reduced side effect for TSCC treatment.
It has been revealed that acquisition of epithelial to mesenchymal transition (EMT) and induction of cancer stem cell (CSC)-like properties are closely involved in the initiation, development, progression, metastasis, and relapse of solid tumors. 6, 7 Normal epithelial cells show apical-basal polarity maintained by apical tight junctions and basolateral adherens junctions. The loss of epithelial property and acquisition of mesenchymal features enables cancer cells to metastasize easily and quickly. The reverse process of mesenchymal to epithelial transition (MET) can also occur. Cancer progression is affected by the balance between EMT and MET. 8, 9 Thus, interfering with the EMT process may help regress cancer metastasis. On the other hand, the proliferation of tumors is driven by a bulk of dedicated stem cells, the CSCs. CSCs, also known as cancer-initiating cells, are involved in cancer cell renewal and differentiation. 10 CSCs can display EMT characteristics such as loss of adhesion protein E-cadherin. 11 It is reported that CSCs play an important role in chemotherapy resistance due to the self-renewal ability. Multiple oncogenes are involved in the maintenance of stemness and tumorigenicity of CSCs, such as Octamer-4 (Oct-4), Bmi-1, Nanog, and sex-determing region Y-box 2 (Sox-2). [12] [13] [14] [15] Hence, targeting the CSCs shows great therapeutic potential in cancer therapy. 16 Plumbagin (5-hydroxy-2-methyl-1, 4-naphthoquinone; PLB) is isolated from the root of Plumbago zeylanica L, Juglans regia, Juglans cinerea, and Juglans nigra, with a variety of pharmacological activities including anti-inflammatory, antiatherosclerotic, antibacterial, antifungal, and anticancer activities in in vitro and in vivo models. 17 Notably, PLB shows a potent ability in killing cancer cells with minimal side effects. 18 Previous studies from our and other groups have shown that PLB regulates various cellular processes such as cell cycle, apoptosis, autophagy, and cellular redox status. [19] [20] [21] PLB also induces cancer cell apoptosis and autophagy by inhibition of nuclear factor kappa B (NF-κB) activation and phosphatidylinositide 3-kinase (PI3K)/protein kinase B (Akt)/ mTOR signaling pathway. [21] [22] [23] [24] [25] Besides, PLB can efficiently facilitate reactive oxygen species (ROS) generation, which also contributes to the cancer cell killing effect. [26] [27] [28] However, the full spectrum of the molecular targets and therapeutic effects of PLB in TSCC are not clear.
Accumulating evidence shows that stable isotope labeling by amino acids in cell culture (SILAC)-based quantitative proteomic approach has the capability of revealing the potential targets of a given compound or drug. 29, 30 In this study, we aimed at elucidating the possible mechanisms for PLB's anticancer effect in the treatment of TSCC using a SILACbased quantitative proteomic approach to take a panoramic view of PLB in a TSCC cell line (SCC25). The corresponding verifications were also performed. In addition, we also carried out separate experiments to investigate the relationship between PLB-induced ROS generation and PLB-mediated cell cycle arrest, apoptosis induction, EMT inhibition, and stemness attenuation.
Materials and methods chemicals and reagents
Dulbecco's Modified Eagle's Medium (DMEM) and Ham's F12 medium were obtained from Corning Cellgro Inc. (Herndon, VA, USA). Fetal bovine serum (FBS), PLB, di methyl sulfoxide (DMSO), hydrocortisone, N-acetyl-lcysteine (NAC, a ROS scavenger), l-glutathione (GSH, a ROS scavenger), ammonium persulfate, d-glucose, propidium iodide (PI), ribonuclease, protease and phosphatase inhibitor cocktails, radioimmunoprecipitation assay buffer (RIPA), bovine serum albumin (BSA), Tris base, sodium dodecyl sulfate (SDS), ethylenediaminetetraacetic acid, Dulbecco's phosphate-buffered saline (PBS), dithiothreitol (DTT), 13 C 6 -l-lysine, l-lysine, 13 C 6 15 N 4 -l-arginine, and l-arginine were purchased from Sigma-Aldrich (St Louis, MO, USA). FASP™ protein digestion kit was bought from Protein Discovery Inc. (Knoxville, TN, USA). The Annexin V:PE apoptosis detection kit was purchased from BD Pharmingen Biosciences (San Jose, CA, USA). Ionic Detergent Compatibility Reagent (IDCR) kit, nuclear and cytoplasmic extraction kit, Pierce bicinchoninic acid (BCA) protein assay kit, skimmed milk, and Western blotting substrate were bought from Thermo Fisher Scientific (Waltham, MA, USA). The polyvinylidene difluoride (PVDF) membrane was purchased from Bio-Rad (Hercules, CA, USA). Primary antibodies against human CDK1/cdc2, Cyclin B1, cdc25, Fas (TNFRSF6)-associated via death domain (FADD), TNF1 receptor-associated death domain (TRADD), TRAIL-R2 (DR5), cleaved caspase-3 (CC3), E-cadherin, N-cadherin, Snail, Slug, zinc finger E-box-binding homeobox 1 (TCF8/ZEB1), vimentin, β-Catenin, zona occludens protein 1 (ZO-1), claudin-1, Oct-4, Bmi-1, Nanog, Sox-2, and glutathione S-transferase (GST) were purchased from Cell Signaling Technology Inc. (Beverly, MA, USA). Primary antibodies against nuclear factor erythroid 2-related factor 2 (Nrf2), NAD(P)H quinone oxidoreductase 1 (NQO1), and heat shock protein 90 (HSP90) were purchased from Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA). The antibodies against human β-actin and Histone H3 were obtained from Santa Cruz Biotechnology Inc.
cell line and cell culture
The TSCC cell line SCC25 was obtained from the American Type Culture Collection (Manassas, VA, USA) and cultured in a 1:1 mixture of DMEM and Ham's F12 medium containing 1.2 g/L sodium bicarbonate, 2.5 mM l-glutamine, 15 mM HEPES, and 0.5 mM sodium pyruvate and was supplemented with 400 ng/mL hydrocortisone and 10% heat-inactivated FBS. The cells were maintained at 37°C in a 5% CO 2 /95% air humidified incubator. PLB was dissolved in DMSO with a stock concentration of 100 mM and was freshly diluted to the desired concentrations with the culture medium. The final concentration of DMSO was at 0.05% (v/v, volume per volume). The control cells received only the vehicle. No ethics approval was required for the use of this cell line this paper.
silac quantitative proteomics
Quantitative proteomic experiments were performed using SILAC as described previously. [31] [32] [33] Briefly, SCC25 cells were cultured in the medium with or without stable isotope-labeled amino acids ( 13 C 6 l-lysine and 13 C 6 15 N 4 l-arginine). SCC25 cells were passaged for five times by changing medium or splitting cells. Then, cells with stable isotope-labeled amino acids were treated with 5 μM PLB for 24 hours. Following that, the cell samples were harvested and lysed with hot lysis buffer (100 mM Tris base, 4% SDS, and 100 mM DTT). The proteins were denatured at 95°C for 5 minutes and sonicated at 20% amplitude (AMPL) for 3 seconds with 6 pulses. Later, the samples were centrifuged at 15,000× g for 20 minutes and the supernatant was collected in clean tubes. The protein concentration was determined using the IDCR kits. Then, equal amounts of heavy and light protein sample were combined to reach a total volume of 30-60 μL containing 300-600 μg proteins. The combined protein sample was digested using FASP™ protein digestion kit. After proteins were digested, the resultant sample was acidified to pH of 3 and desalted using a C 18 solid-phase extraction column. The samples were then concentrated using vacuum concentrator at 45°C for 120 minutes and the peptide mixtures (5 μL) were subject to the hybrid linear ion trap-Orbitrap (LTQ Orbitrap XL, Thermo Scientific Inc.). Liquid chromatography-tandem mass spectrometry (LC-MS/MS) was performed using a 10 cm long 75 μm (inner diameter) reversed-phase column packed with 5 μm diameter C 18 material with 300 Å pore size (New Objective, Woburn, MA, USA), with a gradient mobile phase of 2%-40% acetonitrile in 0.1% formic acid at 200 μL/minute for 125 minutes. The Orbitrap full MS scanning was performed at a mass (m/z) resolving power of 60,000, with positive polarity in profile mode (M+H + ). Peptide SILAC ratio was calculated using MaxQuant version 1.2.0.13. The SILAC ratio was determined by averaging all peptide SILAC ratios from peptides identified of the same protein. The protein IDs were identified using Scaffold 4.3.2 from Proteome Software Inc. (Portland, OR, USA) and the pathway was analyzed using Ingenuity Pathway Analysis (IPA) from QIAGEN (Redwood City, CA, USA).
cell cycle distribution analysis
The effect of PLB on cell cycle distribution of SCC25 cells was determined by flow cytometry using PI as the DNA stain as described previously. 20 Briefly, SCC25 cells were treated with PLB at concentrations of 0.1, 1, and 5 μM for 24 hours. In separate experiments, SCC25 cells were treated with 5 μM PLB for 6, 24, and 48 hours. In addition, the effect of ROS scavengers (GSH and NAC) 34 on PLB-induced G 2 /M arrest was also examined. Cells were trypsinized and resuspended in 1 mL serum-free medium. Subsequently, the cells were fixed with 3 mL 70% ethanol at -20°C overnight. The cells were stained using 50 μg/mL PI. A total number of 1×10 4 cells was subject to cell cycle analysis using a flow cytometer (Becton Dickinson Immunocytometry Systems, San Jose, CA, USA). Finally, the raw data were analyzed by ModFitLT software (version 3.2.1) (Verity Software House, Topsham, MA, USA).
Quantification of cellular apoptosis
We used Annexin V:PE apoptosis detection kit to measure apoptotic cells after the cells were treated with 0.1, 1, and 5 μM PLB for 24 hours. In separate experiments, SCC25 cells were treated with 5 μM PLB for 6, 24, and 48 hours. In addition, the effect of GSH and NAC on PLB-induced apoptosis was also examined. Briefly, cells were trypsinized and washed twice with cold PBS, and then resuspended in 1× binding buffer with 5 μL of PE Annexin V and 5 μL of 7-amino-actinomycin D at a concentration of 1×10 5 /mL cells in a total volume of 100 μL. The cells were gently mixed and incubated in the dark for 15 minutes at room temperature. Following that, a quota of 1× binding buffer (400 μL) was added to each test tube and the number of apoptotic cells 
Western blotting assay
The levels of various cellular proteins were determined using Western blotting assays. The SCC25 cells were incubated with PLB at 0.1, 1, and 5 μM for 24 hours. In separate experiments, SCC25 cells were treated with 5 μM PLB for 6, 24, and 48 hours. After PLB treatment, cells were washed twice with precold PBS and lysed with the RIPA buffer containing the protease inhibitor and phosphatase inhibitor cocktails. In addition, we extracted the nuclear proteins according to the instruction given in the nuclear and cytoplasmic extraction kit. Protein concentrations were measured using the Pierce BCA protein assay kit. Equal amounts of protein samples at 20 μg were electrophoresed on 7%−12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) minigel after thermal denaturation for 5 minutes at 95°C. Proteins were transferred onto immobilon PVDF membrane at 80 V for 3 hours at 4°C. Subsequently, membranes were blocked with 5% BSA and probed with indicated primary antibody overnight at 4°C and then blotted with respective secondary antibody. Visualization was performed using the Bio-Rad system. Cytosolic protein level was normalized to the matching densitometric value of β-actin, and nuclear protein level was normalized to the matching densitometric value of Histone H3.
statistical analysis
Data are presented as the mean ± standard deviation (SD). Multiple comparisons were evaluated by one-way analysis of variance (ANOVA), followed by Tukey's multiple comparison. A value of P,0.05 was considered statistically significant. All the assays were performed in triplicate.
Results

summary of proteomic response to PlB treatment in scc25 cells
We first performed SILAC-based proteomics to evaluate the potential molecular targets of PLB in SCC25 cells. PLB increased the expression level of 143 protein molecules, but decreased the expression level of 255 protein molecules in SCC25 cells (Tables 1 and 2 ). Subsequently, these proteins were subject to IPA. The results showed that 101 signaling pathways were potentially regulated by PLB in SCC25 cells (Table 3 and Figure 1 ). The top ten targeted signaling 
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PlB inhibits mesenchymal transition and stemness in Tscc cells pathways were EIF2 signaling pathway, regulation of eIF4 and p70S6K signaling, remodeling of epithelial adherens junctions pathway, mTOR signaling pathway, protein ubiquitination pathway, Nrf2-mediated oxidative stress response signaling pathway, epithelial adherens junction signaling pathway, caveolar-mediated endocytosis signaling pathway, RhoA signaling pathway, and oxidative phosphorylation pathway (Table 3) . Notably, a number of molecules were involved in cell survival, cell proliferation, redox homeostasis, cell metabolism, cell migration, and cell death, such as p53, CDK1/cdc2, FADD, Nrf2, MAPK, mTOR, p70S6K, E-cadherin, and vimentin.
PlB regulates cell cycle regulators of scc25 cells
The cell cycle arresting effect of PLB is considered as a critical contributor to its anticancer activities. We treated SCC25 cells with 5 μM PLB for 24 hours, and then, cell samples were subject to quantitative proteomic analysis. The results showed that PLB regulated cell cycle at G 2 /M 
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PlB inhibits mesenchymal transition and stemness in Tscc cells 3.31e01 eiF2s1, eiF2s2, eiF2s3, eiF3B, eiF3c, eiF3D, eiF3e, eiF3F, eiF3g, eiF3i, eiF3M, eiF4a1, eiF4g1, PaBPc1, PPP1ca, rPl3, rPl4, rPl5, rPl6, rPl7, rPl8, rPl9, rPl10, rPl12, rPl22, rPl27, rPl10a, rPlP0, rPlP1, rPlP1, rPlP2, rPs5, rPs7, rPs8, rPs12, rPs14, rPs15, rPs17, rPs19, rPs24, rPs27a, rPs3a, rPs4X, rPsa regulation of eiF4 and p70s6k signaling 2.03e01 eiF2s1, eiF2s2, eiF2s3, eiF3B, eiF3c, eiF3D, eiF3e, eiF3F, eiF3g, eiF3i, eiF3M, eiF4a1, eiF4g1, iTgB1, PaBPc1, PPP2r1a, rPs5, rPs7, rPs8, rPs12, rPs14, rPs15, rPs17, rPs19, rPs24, rPs27a, rPs3a, rPs4X, rPsa remodeling of epithelial adherens junctions 1.52e01 acTa1, acTg1, acTn1, acTn4, acTr3, arPc1B, cTnna1, cTnnD1, DnM1l, iQgaP1, raB7a, TUBa1B, TUBa1c, TUBa4a, TUBB, TUBB4B, Vcl, ZYX mTOr signaling 1.43e01 eiF3B, eiF3c, eiF3D, eiF3e, eiF3F, eiF3g, eiF3i, eiF3M, eiF4a1, eiF4B, eiF4g1, PPPar1a, rhOa, rPs5, rPs7, rPs8, rPs12, rPs14, rPs15, rPs17, rPs19, rPs24, rPs27a, rPs3a, rPs4X, rPsa
Protein ubiquitination pathway 1.36e01 hla-a, hsP90aa1, hsP90aB1, hsP90B1, hsPa4, hsPa5, hsPa8, hsPa9, hsPB1, hsPD1, hsPh1, PsMa1, PsMa2, PsMa4, PsMa5, PsMB1, PsMB5, PsMc1, PsMc2, PsMc3, PsMc4, PsMD1, PsMD2, PsMe2, UBa1, UBe2n, Uchl1, Uchl3, UsP5 nrf2-mediated oxidative stress response 5.42e00 acTa1, acTg1, cBr1, DnaJa2, gsTP1, nQO1, hsP90aa1, PPiB, PrDX1, sOD1, sTiP1, VcP epithelial adherens junction signaling 5.21e00 acTa1, acTg1, acTn1, acTn4, acTr3, arPc1B, cTnna1, cTnnD1, egFr, iQgaP1, JUP, MYh9, rhO1, TUBa1B, TUBa1c, TUBa4a, TUBB, TUBB4B, Val, ZYX caveolar-mediated endocytosis signaling 5.18e00 acTa1, acTg1, caV1, cOPa, cOPB2, cOPe, egFr, Flna, FlnB, hla-a, iTga6, iTgB1, iTgB4, PTrF rhoa signaling 5.10e00 acTa1, acTg1, acTr3, arPc1B, cFl1, eZr, KTn1, Man, MYl12a, PFn1, rhOa, sePT9
Oxidative phosphorylation 5.08e00 UQcrh, aTP5D, aTP5l, UQcrB, MT-cO2, aTP5h, nDUFa5, nDUFaB1, nDUFB6, aTP5F1, cOX4i1, sDha, aTP5J, cOX7a2, cOX6B1, cOX17, aTP5O, aTP5a1, nDUFs3, aTP5c1, MT-nD1, nDUFB11, aTP5B, nDUFs8, UQcr10, cYc1, UQcrc2, cOX5a, cYcs, UQcrc1, cOX5B
Tca cycle ii (eukaryotic) Abbreviations: acT, actin; acTn, actinin; acTr3, acTr3 actin-related 3 homolog; akt, protein kinase B; alDh, aldehyde dehydrogenase; arPc, actin related protein 2/3 complex; caV1, caveolin 1; cDc, cell division cycle; cDK, cyclin-dependent kinase; cOPa, coatomer protein complex subunit alpha; cTnn, cadherin-associated protein; DnM1l, dynamin 1-like; egFr, epidermal growth factor receptor; eiF, eukaryotic initiation factor; enOs, endothelial nitric oxide synthase; FADD, Fas (TNFRSF6)-associated via death domain; FLN, filamin; GSTP1, glutathione S-transferase pi 1; HLA-A, major histocompatibility complex class I; HGF, hepatocyte growth factor; HMGB1, high mobility group protein B1; hsP, heat shock protein; iQgaP1, iQ motif containing gTPase activating protein 1; iTgB, intergrin beta; nQO1, naD(P)h: quinone oxidoreductase 1; MaPK, mitogen-activated protein kinase; mTOr, mammalian target of rapamycin; nrf2, nuclear factor erythroid 2-related factor 2; Pa2g4, proliferation-associated 2g4; PaK, p21-activated kinase; PaBPc1, poly(a) binding protein cytoplasmic 1; Pi3K, phosphoinositide 3-kinase; PlB, plumbagin; PPiB, peptidylprolyl isomerase B; PsM, proteasome subunit; PTen, phosphatase and tensin-like protein; rar, retinoic acid receptor; rhO, ras homolog gene family; rhogDi, rho gDP-dissociation inhibitor; rPs, ribosomal protein s; rPl, ribosomal protein l; s6K, s6 kinase; sOD, superoxide dismutase; sTaT, signal transducer and activator of transcription; TUBa, tubulin alpha; VegF, vascular endothelial growth factor; ViM, vimentin.
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PlB inhibits mesenchymal transition and stemness in Tscc cells DNA damage checkpoint in SCC25 cells with the involvement of multiple functional proteins (Table 3) . These included YWHAQ, PRKDC, YWHAG, YWHAE, YWHAH, YWHAB, YWHAZ, SFN, SKP1, and CDK1 at G 2 /M checkpoint ( Figure 2 ).
PlB regulates apoptosis in scc25 cells
Apoptosis is the type I programmed cell death pathway and has been considered as a promising target for the treatment of cancer either via intrinsic (mitochondrial-mediated) or extrinsic (death receptor-mediated) apoptosis pathways. As listed in Table 3 , PLB regulated apoptotic signaling pathway and death receptor signaling pathway involving a number of functional proteins. These included ACIN1, CAPNS1, MAPK1, RRAS, LMNA, CAPN2, SPTAN1, CYCS, CDK1, PARP1, AIFM1, FADD, and ACTB. Moreover, the IPA results showed that mTOR signaling pathway played a central role in the regulation of cell metabolism, growth, proliferation, and survival through the integration of both intracellular and extracellular signals (Table 3) . We subsequently investigated extrinsic apoptosis mediated by FADD in SCC25 cells with the treatment of PLB. 
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PlB regulates eMT pathways in scc25 cells
EMT has a close association with cell migration, invasion, and stemness. Suppressing the progress of EMT is thought to be clinically helpful for cancer therapy. We analyzed the effect of PLB on EMT-related proteins and signaling pathways using SILAC-based proteomic approach. The proteomic data showed that PLB regulated epithelial adherens junction signaling pathway in SCC25 cells involving a number of functional proteins, including ACTA1, ACTG1, ACTN1, ACTN4, ACTR3, ARPC1B, CTNNA1, CTNND1, DNM1L, EGFR, IQGAP1, JUP, MYH9, RAB7A, RHO1, TUBA1B, TUBA1C, TUBA4A, TUBB, TUBB4B, VAL, VCL, and ZYX.
PlB regulates redox homeostasis involving nrf2-mediated signaling pathways in scc25 cells
Induction of ROS generation plays a critical role in the cytokine production, contributing to the cancer cell killing effect of PLB. However, the regulatory effect of PLB on ROS generation-related molecules and signaling pathways has not been fully understood. In this study, we observed that PLB regulated several critical signaling pathways related to ROS generation and redox homeostasis in SCC25 cells. Our quantitative proteomic study showed that PLB treatment regulated Nrf2-mediated oxidative stress response and oxidative phosphorylation in SCC25 cells (Table 2) . A number of functional proteins were found to be involved in these pathways, including ACTA1, ACTG1, CBR, DNAJA2, GSTP1, NQO1, HSP90AA1, PPIB, SOD1, STIP1, and VCP (Table 2) . Of note, Nrf2-mediated signaling pathways have critical roles in the maintenance of intracellular redox homeostasis in response to various stimuli via regulating antioxidant responsive elements. The quantitative proteomic data suggest that modulation of the expression of functional proteins involved in Nrf2-mediated signaling pathways may contribute to the anticancer effect of PLB in the treatment of TSCC. The results showed that PLB can efficiently induce ROS generation and that this can be abolished by NAC and GSH. Hence, we subsequently studied the relationship of ROS-generation-inducing effect of PLB with other cellular biological functions, including cell cycle arrest, cell apoptosis, and EMT.
Verification of molecular targets of PLB in scc25 cells by Western blotting assay
Our aforementioned quantitative proteomic studies have predicted and shown that PLB can modulate a number of signaling pathways and functional proteins related to cell proliferation, cell migration, cell death, and cell survival. On the basis of our previous experimental and present proteomic data in SCC25 cells, we further examined the effect of PLB with a focus on cell cycle, apoptosis, EMT, and redox homeostasis and its related signaling pathways to delineate the underlying mechanisms.
PlB induces g 2 /M arrest in scc25 cells via downregulation of cyclin B1, cDK1/ cdc2, and cdc25
First, we examined the effect of PLB on cell cycle distribution of SCC25 cells using a flow cytometer. PLB markedly induced a G 2 /M phase arrest (P,0.05, 0.01, or 0.001; Figure 3 ). Compared with the control cells (2.4%), the percentage of SCC25 cells in G 2 /M phase was increased in a concentration-dependent manner after PLB treatment ( Figure 3A and B). The percentage of cells in G 2 /M phase was 5.8%, 9.1%, and 13.1% when treated with PLB at 0.1, 1, and 5 μM, respectively. On the other hand, PLB significantly decreased the percentage of SCC25 cells in G 1 phase when treated with 5 μM in comparison to the control cells (P,0.001; Figure 3B ). In a separate experiment, the effect of 5 μM PLB on cell cycle distribution was examined in SCC25 cells over 48 hours (Figure 3C and D) . Compared to the control cells, the percentage of SCC25 cells in the G 2 /M phase was increased from 2.7% at basal level to 8.1%, 9.4%, and 11.1% after 6-, 24-, and 48-hour treatment with 5 μM PLB, respectively (P,0.001; Figure 3D ), whereas 5 μM PLB treatment decreased the percentage of SCC25 cells in G 1 phase from 48.8% at basal level to 41.3% after 48 hours of treatment (P,0.05; Figure 3D ). To explore the mechanisms for PLB-induced cell cycle arrest in SCC25 cells, the expression level of key regulators responsible for G 2 /M checkpoint was examined using Western blotting assay. CDK1/cdc2, cyclin B1, and cdc25 are important regulators for G 2 to M phase transition and thus their expression level was determined in SCC25 cells. The expression level of cdc2 was marked suppressed in SCC25 cells after treatment with PLB at concentrations of 0.1, 1, and 5 μM for 24 hours (P,0.001; Figure 4A and C). Compared with the control cells, the expression level of cyclin B1 was decreased by 18.3%, 46.0%, and 62.3% when SCC25 cells were treated with 0.1, 1, and 5 μM PLB for 24 hours, respectively (P,0.01 or 0.001; Figure 4A and C). There was a 10.7%, 14.0%, and 35.3% reduction in the expression level of cdc25 in SCC25 cells when treated with PLB at 0.1, 1, and 5 μM for 24 hours, respectively (P,0.05, 0.01, or 0.001; Figure 4A and C). Figure 4B and D); there was a 34.3% and 49.3% reduction in the expression level of cyclin B1 when SCC25 cells were incubated with 5 μM PLB for 24 and 28 hours, respectively (P,0.001; Figure 4B and D); and the expression level of cdc25 was also markedly suppressed (P,0.01 or 0.001; Figure 4B and D). These results demonstrate that PLB downregulates cyclin B1, CDK1/cdc2, and cdc25 in SCC25 cells. Importantly, these results have confirmed the regulatory effect of PLB on cell proliferation-related signaling pathways, which was predicted by our proteomic studies.
PlB induces apoptosis via FaDDmediated extrinsic signaling pathway
Apoptosis is a typical type of programmed cell death that plays an important role in PLB-induced cancer cell death. Previously, we observed that PLB significantly induced intrinsic apoptosis in SCC25 cells in a concentration-and time-dependent manner. 20 On the basis of the results hinted at by the proteomic results
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Pan et al Figure 6A and B). Next, we conducted the time course experiment, and the results showed that the apoptosis level was increased from 3.5% at basal level to 11.4%, 21.2%, and 35.7% when SCC25 cells were treated with 5 μM PLB for 6, 24, and 48 hours, respectively (P,0.001; Figure 6C and D).
Furthermore, There was a 1.3-and 1.6-fold increase in the expression level of FADD after SCC25 cells were treated with 1 and 5 μM PLB for 24 hours, respectively (P,0.01 or 0.001; Figure 7A and C). The expression level of TRADD and DR5 was also increased when cells were treated with PLB (P,0.01 or 0.001; Figure 7A and C). The cleavage of caspase 3 is the determinant process in both intrinsic and extrinsic apoptosis. We found that PLB markedly increased the level of cleaved caspase 3 to 1.2-and 1.3-fold when SCC25 cells were treated with 1 and 5 μM for 24 hours, respectively (P,0.01 or 0.001; Figure 7A and C). In a separate experiment, we examined the apoptosis-inducing effect of PLB over 48 hours. The expression level of FADD was increased 1.5-, 1.5-, and 1.6-fold when SCC25 cells were treated with 5 μM for 6, 24, and 48 hours, respectively (P,0.001; Figure 7B there was a 1.1-, 1.3-, and 1-2 fold rise in the expression level of cleaved caspase 3, when SCC25 cells were treated with 5 μM PLB for 6, 24, and 48 hours, respectively (P,0.01 or 0.001; Figure 7B and D). The expression level of TRADD was also remarkably increased when SCC25 cells were treated with 5 μM PLB for 48 hours. These results clearly show that PLB induces apoptosis by involving the FADD-mediated extrinsic pathway in SCC25 cells, and these data are in agreement with our proteomic findings.
PlB inhibits eMT and stemness in scc25 cells
EMT is a critical process involved in the invasion, metastasis, and stemness of cancer. 35 EMT depends on a reduction in expression of cell adhesion molecules. Tight junctions function as complete barriers between epithelium and endothelium and contribute to the maintenance of cell polarity. Claudin and occludin proteins are integral structural and functional components of tight junctions. 36,37 ZO-1, 2, and 3 are peripheral membrane adaptor proteins that link junctional transmembrane proteins to the actin cytoskeleton. [38] [39] [40] Cadherins are a superfamily of transmembrane glycoproteins, which include N-, P-, R-, B-, and E-cadherins. 41 E-cadherin is considered an active suppressor of invasion in many epithelial cancers. 42 Cancer cells often have upregulated N-cadherin in addition to loss of E-cadherin. 43 Furthermore, the cytoplasmic domain of classical cadherins interacts with β-catenin, γ-catenin, and p120 catenin. 44, 45 It is reported that snail can interact with Drug Design, Development and Therapy 2015:9
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Pan et al β-catenin via Wnt signaling pathway. 46 Herein, on the basis of the proteomic results (Figure 8) , we verified the effect of PLB treatment on EMT-associated markers in SCC25 cells using Western blotting assay. Incubation of SCC25 cells with PLB resulted in a concentration-and time-dependent increase in the expression level of E-cadherin and a decrease in the expression level of N-cadherin (Figure 9A-D) . There was a 1.2-and 1.8-fold increase in the expression of E-cadherin when treated with 1 and 5 μM PLB for 24 hours, respectively, whereas 5 μM PLB suppressed expression level of N-cadherin 23% (P,0.05 or 0.001; Figure 9A and C). When SCC25 cells were treated with 5 μM PLB over 48 hours, the expression level of E-cadherin was increased 1.2-, 1.4-, and 1.8-fold after the treatment of 5 μM PLB for 6, 24, and 48 hours, respectively (P,0.01 or 0.001; Figure 9B and D). The expression level of N-cadherin was decreased by 23.3% and 45.0% when SCC 25 cells were treated with 5 μM PLB for 24 and 48 hours, respectively (P,0.05 or 0.001; Figure 9B and D).
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Pan et al In order to further examine the effect of PLB on EMT in SCC25 cells, we measured the expression level of several key regulators of E-cadherin. Snail and slug (both zinc finger transcriptional factors) together with TCF8/ZEB1 are suppressors of E-cadherin in EMT. PLB significantly reduced the expression level of snail and slug in SCC25 ( Figure 9A and C). When SCC25 cells were treated with 5 μM PLB for 24 hours, the expression level of snail and slug was decreased by 46% and 41%, respectively ( Figure 9A and C) . Furthermore, PLB induced a time-dependent reduction in the expression level of TCF-8/ZEB1 in SCC25 cells. The expression level of TCF-8/ZEB1 was decreased by 22.0%, 27.0%, and 70.3% when SCC25 cells were treated with 5 μM PLB for 6, 24, and 48 hours, respectively ( Figure 9B and D) .
Vimentin is a type III intermediate filament protein in mesenchymal cells. β-Catenin can act as an integral component of a protein complex in adherens junctions that helps cells maintain epithelial layers, and β-catenin participates in the Wnt signaling pathway as a downstream target. In SCC25 cells, PLB inhibited the expression of vimentin in a concentration-and time-dependent manner. The expression level of vimentin was decreased by 19.3% and 24.7% when cells were treated with 1 and 5 μM PLB for 24 hours, respectively (P,0.01; Figure 9A and C). Consistently, the expression level of vimentin was decreased by 21.0% and 51.3% when SCC25 cells were incubated with 5 μM PLB for 24 and 48 hours, respectively (P,0.01 or 0.001; Figure 9B and D). There was also a significant reduction in the expression level of β-catenin in both the concentration and time course experiment when SCC25 cells were treated with 5 μM PLB. PLB at 5 μM markedly decreased the expression level of β-catenin by 24.7% with a 24-hour incubation period (P,0.01; Figure 9A Oct-4, Bmi-1, Nanog, and Sox-2. Oct-4, also known as Oct-3, belongs to the POU (Pit-Oct-Unc) transcription factor family and plays an important role during early embryogenesis. 47 Sox-2 is a member of the Sox gene family that encodes transcription factors and plays an important role in the maintenance of stemness. 48 Nanog transcription factor cooperates with Oct-4 and Sox-2 and is identified as a key CSCs marker. 49 Bmi-1 is a transcriptional repressor that belongs to the polycomb-group family of proteins that determine the proliferation and senescence of normal and CSCs. 50 The Western blotting results showed that PLB significantly decreased the expression level of Oct-4, Sox-2, Nanog, and Bmi-1. Incubation of SCC25 cells with 5 μM PLB remarkably decreased the expression level of Oct-4, Sox-2, Nanog, and Bni-1 by 35.7%, 27.0%, 70.7%, and 38.3%, respectively, compared with the control cells (P,0.001; Figure 10A and C). In a separate experiment, we evaluated the effect of different incubation times with 5 μM PLB. Totally, the expression levels of Bmi-1, Nanog, and Sox-2 were decreased significantly after 6 hours of incubation, while the Oct-4 expression level was decreased significantly after 24 hours of incubation ( Figure 10B and D) . These results indicate that PLB suppresses the stemness of human TSCC cells.
PlB induces intracellular rOs generation and regulates redox homeostasis via suppressing nrf2-mediated oxidative signaling pathway in scc25 cells
As shown in the proteomic results, PLB exhibited a regulating effect on intracellular redox homeostasis in SCC25 cells, which may possibly contribute to the cell cycle arresting, apoptosis inducing, EMT inhibiting, and stemnessattenuating effects of PLB. Herein, we examined the role of Nrf2-mediated signaling pathway in PLB's beneficial action in SCC25 cells. Nrf2, also known as Nfe2I2, is a nuclear factor that controls the expression of various detoxifying enzymes, ROS elimination proteins, drug transporters, and antiapoptotic proteins. Normally, Nrf2 is suppressed in the cytoplasm by the interaction with Kelch-like ECH-associated protein 1 (Keap1) and Cullin3. Once exposed to the antioxidant response element (ARE)-mediated inducers, Nrf2 will translocate to the nucleus where it forms a heterodimer with a small Maf protein and binds to other nuclear factors and initiates the transcription of antioxidative genes. 51, 52 As noted earlier, the proteomic results indicated that Nrf2-oxidative signaling pathway responded to the PLB treatment in SCC25 cells (Figure 11 ). Therefore, we analyzed this pathway using Western blotting assay. First, SCC25 cells were treated with 0.1, 1, and 5 μM PLB for 24 hours and their nuclear proteins were extracted. The results showed that the expression levels of nuclear (n)-Nrf2, NQO1, GST, and HSP90 were all decreased, while the expression level of cytosolic (c)-Nrf2 was increased in SCC25 cells, compared with the control cells ( Figure 12A ). The ratio of n-Nrf2 to c-Nrf2 was decreased by 13.3% and 37.0% when SCC25 cells were incubated with 1 and 5 μM PLB for 24 hours, respectively (P,0.01 or 0.001; Figure 12C ). In addition, the expression levels of c-Nrf2, n-Nrf2, NQO1, GST, and HSP90 were also examined with the treatment of 5 μM PLB over a 48-hour treatment period. The ratio of n-Nrf2 to c-Nrf2 was decreased by 28.3% and 39.0% when SCC25 cells were incubated with 5 μM PLB for 24 and 48 hours, respectively (P,0.001; Figure 12D ). The expression levels of NQO1, GST, and HSP90 were all markedly decreased (P,0.05 or 0.001; Figure 12D ). Taken together, the results show that Nrf2-oxidative signaling pathway is involved in the ROS-generation-inducing effect of PLB, contributing to the regulatory activities of PLB on intracellular redox homeostasis in SCC25 cells ( Figure 13 ).
relationship between PlB-induced rOs generation and PlB-mediated cell cycle arrest, apoptosis induction, eMT inhibition, and stemness attenuation
The relationship between PLB-induced ROS generation and PLB-mediated cell cycle arrest, apoptosis induction, EMT inhibition, and stemness attenuation was further examined in SCC25 cells with the application of ROS scavengers (NAC and GSH). SCC25 cells were treated with 5 μM PLB, 100 μM NAC, 1 mM GSH, 5 μM PLB plus 100 μM NAC, and 5 μM PLB plus 1 mM GSH, respectively. As shown in Figures 14-16 , the cell cycle arresting, apoptosis inducing, EMT inhibiting, and stemness-attenuating effects of PLB were abolished by NAC and GSH. The percentage of cells in G 2 /M phase was decreased by 53.2% and 61.4% in SCC25 cells when cells were coincubated with NAC and PLB or GSH and PLB, compared to PLB-treated cells, respectively (P,0.01 or 0.001; Figure 14B ). In addition, in comparison to PLB-treated cells, NAC and GSH ablated PLB-induced apoptosis 53.3% and 55.6%, respectively (P,0.001; Figure 15B ). Furthermore, the expression of EMT and stemness representative markers were measured (Figure 16 ). Compared to PLB-treated cells, the expression level of E-cadherin was decreased by 30.4% and 36.2% when cells were cotreated with NAC and PLB or GSH and PLB, respectively (P,0.001; Figure 16A 
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PlB inhibits mesenchymal transition and stemness in Tscc cells Nanog was increased when cells were coincubated with NAC and PLB or GSH and PLB ( Figure 16A and B). However, the expression level of Sox-2 did not show statistical significance ( Figure 16A and B) . This may be partially ascribed to PLBmediated other pathways that downregulate the Sox-2 level. Taken together, PLB-induced ROS generation may interact with the actions of PLB-mediated cell cycle arrest, apoptosis induction, EMT inhibition, and stemness attenuation.
Discussion
TSCC remains one of the devastating malignancies in oral and maxillofacial tumors. TSCC is notorious for its lymphatic metastasis and relapse. Although sequential treatments are available, including radiotherapy, surgery, and chemotherapy, the therapeutic efficacy is not so optimistic.
1 This is partially due to hyperactive cell survival pathways and radiotherapy/ chemotherapy resistance. 53, 54 It is urgent to probe into the Drug Design, Development and Therapy 2015:9
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Pan et al Figure 16 The effect of rOs scavengers nac and gsh in PlB-mediated eMT inhibition and stemness attenuation in scc25 cells. Notes: (A) representative blots of e-cadherin, n-cadherin, Oct-4, Bmi-1, nanog, and sox-2 in scc25 cells and (B) bar graphs showing the relative level of e-cadherin, n-cadherin, Oct-4, Bmi-1, nanog, and sox-2 in scc25 cells after the treatment of 5 μM PlB, 100 μM nac, 1 mM gsh, 5 μM PlB plus 100 μM nac, and 5 μM PlB plus 1 mM gsh for 24 hours. Data are the mean ± sD of three independent experiments. ***P,0.001 by one-way anOVa. Abbreviations: rOs, reactive oxygen species; nac, N-acetyl-l-cysteine; gsh, l-glutathione; eMT, epithelial to mesenchymal transition; PlB, plumbagin; anOVa, analysis of variance; sD, standard deviation.
corresponding molecular alterations and seek novel effective drugs for TSCC treatment. PLB is an active naphthoquinone constituent isolated from the roots of Plumbaginaceae plants. 17 It has been reported that PLB exhibits anticancer activities with minimal side effect in vitro and in vivo, which is greatly ascribed to its effects on multiple signaling pathways related to ROS generation, apoptosis, and autophagy. 23, 55, 56 In this study, we employed a SILAC-based quantitative proteomic study to obtain a comprehensive view of the proteomic response to PLB treatment in TSCC cell line SCC25, and the findings have shown that PLB regulates a variety of functional protein molecules and signaling pathways involved in critical cellular processes. Further validation results have shown that PLB induces G 2 /M arrest and extrinsic apoptosis, but inhibits EMT and stemness via ROS generation through Nrf2-mediated oxidative signaling pathway in TSCC cell line SCC25 cells. 
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The SILAC-based proteomic approach can provide a system-level analysis to tackle the challenges in cancer treatment, such as chemoresistance. One study applied SILAC-based quantitative proteomic approach to analyze differences in protein expression level between parental hepatocellular carcinoma cell line HuH-7 and sorafenibacquired resistance HuH-7 (HuH-7R) cells. Results indicated that galectin-1 is a predictive marker of sorafenib resistance and a downstream target of the Akt/mTOR/HIF-1a signaling pathway. 57 The SILAC-based proteomic approach can also quantitatively evaluate the effect of a given compound or drug and identify its potential molecular targets and related signaling pathways. [58] [59] [60] For example, the SILAC-based proteomic approach was used to screen the therapeutic targets of histone deacetylases inhibitor vorinostat in human breast cancer MDA-MB-231 cell line, and the results found that 61 proteins were lysine acetylated by vironostat. 30 This study demonstrated that PLB modulated a plethora of protein molecules, of which the expression levels of 143 protein molecules were increased while the levels of 255 protein molecules were decreased. Furthermore, 101 signaling pathways were potentially regulated by PLB in SCC25 cells. The following proteins are widely involved in cell survival, cell proliferation, redox homeostasis, cell metabolism, cell migration, and cell death: YWHAQ , PRKDC,  YWHAG, YWHAE, YWHAH, YWHAB, YWHAZ, SFN,  SKP1, CDK1, ACIN1, CAPNS1, MAPK1, RRAS, LMNA,  CAPN2, SPTAN1, CYCS, PARP1, AIFM1, FADD, ACTB,  ACTA1, ACTG1, ACTN1, ACTN4, ACTR3, ARPC1B,  CTNNA1, CTNND1, DNM1L, EGFR, IQGAP1, JUP,  MYH9, RAB7A, RHO1, TUBA1B, TUBA1C, TUBA4A,  TUBB, TUBB4B, VAL, VCL, ZYX, CBR, DNAJA2,  GSTP1, NQO1, HSP90AA1 , PPIB, SOD1, STIP1, and VCP. The network of signaling pathways was mainly related to cell cycle distribution, cell migration, redox hemostasis, and cell death. The top ten targeted signaling pathways were EIF2 signaling pathway, regulation of eIF4 and p70S6K signaling, remodeling of epithelial adherens junctions pathway, mTOR signaling pathway, protein ubiquitination pathway, Nrf2-mediated oxidative stress response signaling pathway, epithelial adherens junction signaling pathway, caveolar-mediated endocytosis signaling pathway, RhoA signaling pathway, and oxidative phosphorylation pathway. The proteomic results indicate that PLB may target these molecules and related signaling pathways to elicit its anticancer effects in the treatment of TSCC. Notably, we have observed a differential effect of PLB on turmoral and nontumoral cells, with a higher half-maximal inhibitory concentration toward to nontumoral cells than that to the corresponding tumoral cells, 20 which renders PLB a promising anticancer drug candidate.
Subsequently, we further validated the proteomic responses to PLB in SCC25 cells. We found that PLB induced G 2 /M arrest in SCC25 cells in a concentration-and timedependent manner. Meanwhile, the expression level of key regulators of G 2 /M phase, such as cdc2, cyclin B1, and cdc25, were decreased after the treatment of PLB. It has been reported that cell cycle progression is tightly regulated by cyclins and CDKs. 61 The complex formed by the association of CDK1/ cdc2 and Cyclin B1 plays a major role in the entry of cells into mitosis. Phosphorylation of CDK1/cdc2 at Thr161 by CDK-activating kinase is essential for CDK1/cdc2 kinase activity. The process of the CDK1/cdc2 phosphorylation and dephosphorylation are mediated by the nuclear kinase Wee1 and the dual-specificity phosphatase cdc25. Wee1 can stop mitosis by inhibiting the CDK1/cdc2 phosphorylation, while cdc25 can help entry into mitosis by eliminating the inhibitory phosphorylation. 61 Thus, taking the proteomic, flow cytometric, and Western blotting results into consideration, PLB-induced cell cycle arrest may be mediated through the regulation of key modulators controlling the G 2 /M check point in SCC25 cells.
Apoptosis is a conserved physiological mechanism that is important during embryogenesis and homeostasis of tissue. Dysregulated apoptosis has been implicated in many diseases including cancer. 62 The successful execution of apoptosis is crucial for many chemotherapy drugs. 63 It is widely accepted that there are two types of apoptosis: intrinsic apoptosis and extrinsic apoptosis. Mitochondrial disruption and the subsequent cytochrome c release can initiate the caspase-dependent apoptosis. Bcl-2 family plays an important role during this process. 64, 65 Previously, our findings showed that PLB triggered the mitochondrialmediated apoptosis in SCC25 cells. 20 In this study, the proteomic study showed that PLB regulated mitochondrial function and death receptor signaling pathway. We found that PLB could induce FADD-mediated extrinsic apoptosis in SCC25 cells. The proteomic results hinted that PLB regulated the death receptor signaling and that the protein molecule FADD was upregulated by PLB. FADD is a key adaptor protein for death receptor-mediated apoptosis. The death domain of FADD binds to the death domain of death receptor. Subsequently, procaspase-8 is recruited and caspase 3, 6, and 7 are cleaved. Finally, apoptosis is induced; and both intrinsic and extrinsic apoptosis converge into the cleavage of caspase 3. TRADD is a tumor necrosis factor receptor 1 (TNFR1) associated signal transducer that enhances association of FADD with TNFR1.
66,67 DR5, also 
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Pan et al known as TRAIL-R2, can bind to adaptor molecules FADD and TRADD. 68 In this study, we found that PLB increased the level of FADD, TRADD, and DR5. This indicated the extrinsic apoptosis-inducing effect of PLB in SCC25. Together with the results from our previous paper, 20 it seems that PLB can efficiently induce both intrinsic and extrinsic apoptosis in SCC25 cells.
TSCC is notorious for its metastasis and relapse, and acquisition of EMT and induction of CSC-like properties are inevitably responsible for the metastasis and relapse. 69 EMT is a highly conserved biological process that converts epithelial cells into mesenchymal cells via the modulation of various transcription factors. [70] [71] [72] [73] EMT has been classified into three types according to specific physiological context. Type I EMT plays an important role in embryogenesis and organ development. Type II EMT functions in wound healing and tissue regeneration. Type III EMT, the one we focus on, is involved in cancer metastasis and CSC formation. 35, 74 The EMT process is characterized by loss of epithelial markers such as E-cadherin, claudin, and occludin, and acquisition of mesenchymal markers such as N-cadherin, vimentin, snail, slug, and ZO-1. 75, 76 Many signaling pathways, such as Wnt, TGF-β, and STAT3, can mediate the EMT process via activating a plethora of transcriptional regulators of mesenchymal markers. 75, 76 Furthermore, CSCs can display EMT characteristics such as loss of adhesion protein E-cadherin. 11 Static CSCs that have moved to distant sites might be responsible for metastases and relapse, especially after curative surgical treatment of a primary tumor. 77 Seminal findings demonstrate that EMT activators, such as Twist1 and Prrx1, can serve as a direct molecular link between EMT and stemness. 78, 79 Our proteomic study showed that PLB could regulate the epithelial adherens junctions pathway in SCC25 cells. The Western blotting assay validated that PLB could increase the expression level of E-cadherin and decrease the level of N-cadherin in SCC25 cells. Furthermore, we examined other key regulators of EMT. We found that PLB significantly reduced the expression level of snail, slug, TCF-8/ZEB1, β-catenin, and vimentin, while increasing the expression level of claudin-1 and ZO-1. All these implied the EMT-inhibiting role of PLB in SCC25 cells. Subsequently, CSCs markers were also measured, and the expression levels of Oct-4, Bmi-1, Nanog, and Sox-2 were all found to be decreased by PLB in a concentration-and time-dependent manner in SCC25 cells. Taken together, PLB can inhibit EMT and attenuate stemness in SCC25 cells. We can speculate that there are interconnections between EMT and stemness, such as the loss of E-cadherin. Given that PLB can regulate the key factors in EMT, the stemness property may more or less be affected. However, the exact network between EMT and stemness needs further investigation. Importantly, it has been reported that ROS may link the EMT and stemness via glucose metabolism. 80 In our previous paper, 20 we found that PLB can efficiently induce ROS generation, which can be abolished by ROS scavengers NAC and GSH. On the basis of the results of the present proteomic analysis, PLB can efficiently regulate the Nrf2-mediated oxidative stress response signaling pathway. Nrf2, also known as Nfe2I2, is a nuclear factor that controls the expression of various detoxifying enzymes, ROS elimination proteins, drug transporters, and antiapoptotic proteins. Normally, Nrf2 is suppressed in the cytoplasm by combination with Keap1 and Cullin3. Once exposed to the ARE-mediated inducers, Nrf2 will translocate to the nucleus where it forms a heterodimer with a small Maf protein and binds to other nuclear factors and initiates the transcription of antioxidative genes. 51, 52 The Western blotting results showed that the ratio of n-Nrf2 to c-Nrf2 was significantly decreased. Furthermore, the downstream effectors NQO1, GST, and HSP90 were examined. These effectors are involved in ROS elimination and detoxification. [81] [82] [83] Results showed that PLB can decrease the expression level of NQO1, GST, and HSP90 in SCC25 cells. We can carefully draw a conclusion that PLB can kill TSCC cells via ROS generation and attenuation of ROS elimination factors. Finally, we employed the ROS scavengers NAC and GSH to further examine the effect of PLB in cell cycle arrest, apoptosis induction, EMT inhibition, and stemness attenuation. Interestingly, results showed that the cell cycle arresting, apoptosis inducing, EMT inhibiting, and stemness-attenuating effect of PLB can be efficiently abolished by NAC and GSH. This highlights the ROS-generation-inducing effect of PLB as an upstream effector to regulate other downstream biological activities such as cell cycle arrest and apoptosis.
In summary, the quantitative SILAC-based proteomic approach showed that PLB inhibited cell proliferation, activated death receptor-mediated apoptotic pathway, remodeled epithelial adherens junctions pathway, and increased intracellular level of ROS via Nrf2-mediated oxidative stress response signaling pathway in human SCC25 cells involving a number of key functional proteins. This study may provide a clue to fully identify the molecular targets and elucidate the underlying mechanisms of PLB in the treatment of TSCC.
